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.equipment, The Shoran equipment and its operating personnel

‘centric circular traverses one mile apart and 1,500 feet above

' were .then corrected for the heading effect (explained belcw)
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GEOPHYSICAL INVESTIGA 'ION
PRELIMINARY MAP

s Total-Intensity Aeromazastic Survey of Fart of the Gulf
' of Mexioo ; ‘\’ ,
by James R. Balsley -

Introdustion

The accompanying maps are the result of an experimental
overwater asromagnetic survey over a part of the Gulf of Mex-
ico conducted during March and April 1946. This survey was the
first to use Shoran, a radio navigational aid, as a means of
direct and locating the overwater traverses, and was under-
taken to determine the usefulness of this method. The Gulf
Coast area was chosen because of its physical suitability for
this type of survey and because of the active interest in the
pocaibiu‘itiea of petroleum accumulations in the region.\.
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The project was arranged by the Director, Naval Petroleum
and 011 Shale Reserves, who supplied the airplane and magnetic

were suprlied by Air Technical Services Command, Army Air
Force. U. S. Geclogical Survey personnel directed the survey,
including the location of the Shoran ground stations, and com~
piled the results. The Naval Ordnance Lahoratory modified and
maintai the magnetometer equipment.
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The magnetic measurements were made with the continuous- |
recording AN/ASQ-3A airborne magnetometer. installed in a FBY-5A
Catalina amphibian aircraft which had been previously used to
survey the Naval Petroleum Reserve No.’/, Alaska. The detect-
ing element of the magnetometer was installed in a plywood hous-
ing extending about three feet beyon the tail of the aircraft.
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The flight of tke aircraft was determined by Shoranm, wan
accurate short-range radio navigation aid. The survey was made
by flying |a series of circular arcs at exact mile distances
from a ran ground station designated the drift station. The ™
pilot was directed on this path by a Pilot Direction Ihdicator. :
The deviation of the plane's actual path from this predeter-
mined course was contimiously recorded. On the same chart and
on the magnetic record a merk was made automatically at each
exact mile distence from the other ground station designated
the rate station. Over land areas the position of the plane
was also recorded by a gyro-stabilized Sonne continucus-strip
camera. No significant difference of position could be found
Eetwoo: the two methods. The Shoran positions are accurate to
$ 100 feet. . . -

l
The positions of the Shoran ground stations were deter-
mined by a, transit traverse survey from the neearest U. S, Coast
and Geodetic Survey triengulation stations. The pdsitions of
the stations were plotted on a Lambert Conformel Conic Projec-

tion, Standerd Parallels 33° and 45°, scale 1:250,000..
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The ares of the survey was thus covered by a series of con-

the lané and water surface. The outermost arc of each grcup
was flown consecutively in two directicns to determine the cor-
rection for diurnal variation and instrument drift. Similar
double or "base” lines were {lown along the coast and all lines
were ccmbined to form a network to which the traverses were
adjusted. The maximum error of magnetic closure in any cell
was 9 gammas; the average of all, 6 gammas,

Magnetic Kap
The magnetic map was prepared by flottinggthe value read
on the continucus megnetic record of feach traverse at the ex-
act mile distances from the Shoran rate station. These values

and for the combined effect of diurnal variation and instru-
ment drift1 .

The heacing effect is the magnetic fielcd cf the airplane
at the position of the magnetic detecting element in the tail.
The magnituyde of the hedding effect depends upon the direction
of the longitudinal axis of the aircraft with respect to the
earth's magnetic field. Ccnsequently, derending upon the alti-
tude of the aircraft, the heading effect adds to or subtracts
from the value of the earth's magnetic field that is to be
measured. With curved traverses, this effect cannot be re-
moved by a linear adjustment of the whole profile to base lines
but must be removed by determining the actual heading of the
aircraft at| each point of measurement. From the Shoran record
of the flight path it i1s possitle to determine eesily ‘the di-
rection the airrlane was travelling at a particular point; but
the actual heading must be ccrputed from the direction and ve-
locity of the wind as well as the air speed and direction of
travel of tﬁe aircraft. These computations were made using
the hourly wind recérds of the U. S. Weather Bureau stations at
New Orleans, La., Galveston and Corpus Christi, Tex. The max-
jmum heading effect in this installation was 18 gammas and the
maximum rate of change of heading effect was about 1/4 garma
per degree ¢|>f heading.
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The combined effect of diurnal variation and instrument
drift was removed by making a linear adjustment of each profile
tc fit the baseline network. The maximum correcticn for in-
strument drift and diurnal variation applied threughout the
length of ahy traverse was 13 gammas and the average, 4 gammas.

It is apperent in the final map that these adjustments
were not always accurate. Unknown changes in the direction of
velocity of the wind have introduced errore into the heading
correction and prcbable deviations from linearity of the com-
bined diurnal variation and instrument drift have raised or
lowered thefmagnetic values at the central part of profiles.
These errori give rise to the "herringbone" or "chevron" pat-

tern encountered in aeromagnetic maps.

It was hoped that this megnetic survey might indicate neg-
ative anomalies scmeties asscciated with salt domes. It was I
soon apparent that the ccmbination cf an 18-gamma headirg |
effect, gusty winds, and a slow aircraft cculd ceuse magnetic
effects of the seme size and shape as those caused by salt
domes. The survey was obviously of little use fcr locating
salt dcmes. | It was ccntiriued because broad magnetic features
were encounﬁ&red. It was hoped that these might have some re-
lationship to the structures in the sedimentary rocks and would
serve as a guide to other geophysical and geolcgical studies= in
the region.

-

Interpretation . 3 "~

Since the analysis of magnetic data does nct rroduce a
unique result, other geophysical or geclopicel infcrmation is
required for a ccnclusive interrretstion. Because in this re-
glon little of such information has been rublished, it is pus-
sible to prekent only tertative geclciicel explanations of the
magnetic features. Frecise interpretaticn of the magnetic map
must be delayed until other deta are availsble.

Ho'everL at west longitudes 93° OO?,'QBO 15! and 93° 45!
thére are available underwater gravit; profiles 1/that aid in
the analyain!cf the ragnetic data. The grevity contours con-
structed from these rrofiles show a striking parallelism to the
magnetic contours, and the positive gravity feature at 29° 30°
N. an? 93° 0D W. car be clcsely correlated with a similar mag-
pretic feature. Unfortunately, this magnetic survey dces rct
include the Area where the main pcsitive gravity feature is in-
dicated. Nevertheless, four 300-rile marnetic traverses flown
recently at west longjtudes 93° 15', 93¢ 25!, 93% 35', end
930 50' verify the existence cf a magretic feature ccrrespond-
ing to the lTrge gravity anomaly. .
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The sizeé and shape cf the magnetic anomalies indicate that
the basement!rocks contain either sisnificant comrositicnal
differences or broad surface warps, The observed magne'ic
ancralies can be duplicated by anomalies computed” fron masses
of various shapes and composition and at varicus derths. In
order to llnT: the number of possible explanations of the mag-
retic features, preliminary comjutetions were made from the
gravity information to determine an explangtion that fite both
sets of data, These computations show that bothk the magnetic '

‘and gravity anomslies can be durlicated by assuning a mass of |

basement rock of ccmposition between granite and diabase with
a relief of 10,000 feet above a genersl level 35,000 feet be-
low sea level. This seems to be a geclcgically reascnable in=
terpretation but it should be noted that both the gravity and
magnetic anomslies can also be duplicated by compositionsal
ditferences in the basement rocks. Hhether or not these fea-
tures have ary ccunterpart in overlying.near-surfece sedimen-
tary structuyres will have to be cdetermined by the geophysical
investigations and drilling now being done in the region,

Conclusions

1. An accurate and reliable aercmagnetic mep can be made
in unmappred ereas by using Shcran to direct and locate the
flight of the survey plane. '

e

2, An inboerd installation is nct practical’ for most sur-
veys in which it is desired to map magnetic features of small
magnitude and areel extent. A towed bird installation such ss
that' now used by the U, S. Geclogical Survey is in general
preferable.
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3. The magnetic features shown on this map are probably
ceused by structures in the tasement rocks roughly perallel to
the rresent coast and at a depth of a few tens of thousend feet.

|

vV "Recomi#unee Cravity Mar of Part of the Gulf of Mexico" ‘
on open file at offices cf the U. S, Geological Survey in Wash-
ington, D. C.; Room 234, Federal Building, Tulsa, Okla.; Room

712, City Ral&, Houston, Tex,; 302 West 15th Street, Austin. I
Tex.; and at the offices of the State Gealogists of Louisiana

at University Station, Baton Rouge, and of Texas at the Bureau

of Economic Geology, University of Texas, Austin. L I
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